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Abstract. —The male of Austroconops memillani Wirth and Lee is described for the first 
time and the female redescribed. Character states of the head capsule, thorax, trochanter 
and terminalia suggest that Austroconops mcmillani is the sister group of Forcipomyiinae 
plus Dasyheleinae plus Ceratopogoninae. Leptoconops Skuse is hypothesized as the sister 
group of this entire assemblage. Alternatively, character states in the antenna and maxillary 
palpus may indicate that Austroconops Wirth and Lee and Leptoconops are sister groups. 


Austroconops memillani is placed in the new subfamily Austroconopinae. 


When Wirth and Lee (1958) described 
Austroconops memillani as a new genus and 
species, they suggested that the species 
seemed closest to Culicoides. This was a po- 
sition well within the Ceratopogonidae, but 
other character states indicated a relation- 
ship with Leptoconops, a genus at the very 
base of Ceratopogonidae phylogeny. At that 
time, only females were known. No further 
material was available until recently, when 
two of us (WWW, ALD) collected a small 
sample including both males and females in 
Western Australia. The recent discovery of 
the male of this species provided an exciting 
opportunity to reexamine the phylogenetic 
placement of Austroconops. In this paper we 
describe the male of 4. mcmillani and dis- 
cuss the phylogeny of the main lineages of 
the Ceratopogonidae. Our results show that 
A. memillani is an early lineage within the 
Ceratopogonidae and requires placement in 


a new subfamily, which we name Austro- 
conopinae. 


MATERIALS AND METHODS 


The three males and ten females that form 
the basis of this study were collected at Yan- 
chep National Park, Western Australia, Oct. 
22-Nov. 1, 1985 between 0942-1645 h with 
a truck trap by WWW and ALD. 

The specimens were first examined alive 
and then in alcohol. They were cleared in 
KOH, examined in glycerine, and finally 
mounted on microscope slides in Canada 
Balsam. They are now deposited in the 
United States National Museum, Washing- 
ton, D.C. (one é, two 2), Australian National 
Insect Collection, Canberra (one é, four 9), 
Canadian National Collection, Ottawa (one 
ô, two $), Western Australian Museum, Perth 
(one 9), and the British Museum (Natural 
History), London (one 9). 
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Terms used in this paper follow those of 
Downes and Wirth (1981). Terms for sen- 
silla of the antennae follow those used by 
Wirth and Navai (1978). Some of the terms 
for the male terminalia used in this paper 
are new to ceratopogonid studies and are 
those tentatively proposed by Wood and 
Borkent (1982) for other members of the 
Culicomorpha. 

The composition of subfamilies and tribes 
follows the classification used by Downes 
and Wirth (1981). 

Our approach to character analysis and 
phylogenetic interpretation is essentially the 
cladistic methodology as outlined by Wiley 
(1981). Polarities of character states were 
determined by outgroup comparisons. 


Austroconopinae, NEw SUBFAMILY 


Diagnosis.—Male flagellomere 13 with 
subbasal constriction; male and female with: 
four-segmented maxillary palpus with only 
one segment distal to the one bearing the 
sensory organs; anapleural suture well de- 
veloped, extending to anterior margin of 
anepisternal cleft; posterior margin of scu- 
tellum forming nearly a 90° angle in dorsal 
view; well developed empodium on each 
leg; wing with two well developed radial 
cells. 

The type genus of the subfamily is Aus- 
troconops Wirth and Lee. 


DESCRIPTION OF AUSTROCONOPS MCMILLANI 
WIRTH AND LEE 


Male (n = 3) (Figs. 1A, B, 2B, 3A, C, 4A, 
B, D-G, 5C, D).—Small biting midge, wing 
1.04-1.05 mm long; body jet black, anten- 
nae, legs dark brown, except for pale an- 
nulus near bases of all tibiae; wings dull 
milky white with anterior veins dark brown, 
media barely discernable (Fig. 4B). 

Head: Antenna (Figs. 1B, 3C): scape large, 
lacking setae and ventral apodeme; pedicel 
with basal foramen large; 13 flagellomeres, 
measurements (in microns) as follows: 98, 
31, 31, 31, 28, 28, 28, 25-28, 25-28, 28- 
31, 36, 92, 134; flagellomere 13 with sub- 
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basal constriction; plume well developed 
(Fig. 1B); 1st flagellomere with two sensory 
pits, one deeper than the other, each with 
numerous elongate, hyaline sensilla tricho- 
dea (Fig. 3A). Eyes pubescent, only slightly 
separated dorsomedially, frons with single 
median seta (Fig. 1A); postoccipital ridge 
well developed with posterior tentorial pits 
on ventral margin (Fig. 5D); clypeus wider 
than long (Fig. 1A); maxillary palpus with 
4 segments, only 1 segment distal to seg- 
ment bearing sensory organs; segment 3 with 
apical 73 swollen, with patch of sensilla which 
are slightly bulbous apically and scattered 
amongst ridges from which spicules arise 
(Fig. 2B). 

Thorax: Setae restricted to scutum and 
scutellum; scutum with dorsomedial and 
dorsolateral setae in single row (Fig. 4A), 
lacking anterior tubercle; transverse suture 
well developed laterally; anepisternal cleft 
well developed, rounded ventrally (Fig. 5C); 
anapleural suture well developed, extending 
to anterior margin of anepisternal cleft; from 
dorsal view, posterior margin of scutellum 
forming nearly a 90° angle (Fig. 4A). 

Wing (Fig. 4B): Length 1.03-1.06 mm; 
costa extending 0.76-0.77 of wing length; 
radial veins, base of media and r-m darkly 
pigmented; r-m very oblique, forming al- 
most a straight line with base of media and 
posterior side of radial cells; two broad ra- 
dial cells present; media very faint in middle 
section of wing, where it formsa long petiole 
to medial fork, the fork a little posterior to 
level of cubital fork; cubitus very faint; anal 
angle broad, alula fringed, fringe of poste- 
rior wing margin a simple row of alternating 
long and short hairs; macrotrichia absent, 
microtrichia numerous, erect and imparting 
milky appearance to wing. 

Legs: Moderately robust, unmodified, 
unarmed, with short setae; fore and mid 
trochanter lacking pair of thick setae; four 
spines present on apex of hind tibia, with 
elongate spicules in linear row just proximal 
to spines; fourth tarsomeres subcylindrical; 
fifth tarsomeres unarmed; claws small, 
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Fig. 1. Structures of Austroconops memillani. A, Anterior view of male head capsule. B, Male antenna. C, 
Female antenna. D, Female wing. 
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Fig. 2. Structures of Austroconops memillani. A, Female mandibles. B, Male third palpal segment. C, Female 
third palpal segment. D, Female foreleg and fifth tarsomere. E, Female midleg and fifth tarsomere. F, Female 
hindleg and fifth tarsomere. 
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Fig. 3. Structures of Austroconops memillani. A, Male first flagellomere. B, Female first flagellomere. C, Male 


flagellum. 


equal, each with very slender subbasal inner 
tooth, apex of each claw bifid; slender em- 
podium present. 

Terminalia (Fig. 4D-G): Tergite (tg) 9 
slightly bilobed apically, some scattered se- 
tae on dorsal surface, row of setae on pos- 
terior margin; apicolateral processes absent; 
cerci well developed, located under ventral 
surface of tg 9; gonocoxite stout; gonostylus 
gradually tapering to pointed tip; parameres 
well developed, fused basally, bilobed api- 
cally; aedeagal sclerite with lateral tooth di- 
rected ventrally; ventral plate stout, com- 
pact, bilobed apically from dorsal view, 
laterally fused to base of gonocoxite; a single 
median setose lobe ventral to the median 
sclerite, with spicules. 

Female (n = 10) (Figs. 1C, D, 2A, C-F, 
3B, 4C, H).—As for male except as follows: 
antenna as in Fig. 1C; 13 flagellomeres, 
measurements (in microns) as follows: 48- 
50, 22-25, 25-28, 28, 25-28, 28-31, 28-31, 
31-34, 28-34, 31-36, 34-36, 34-36, 48-56; 


first flagellomere with two deeper sensory 
areas from which arise numerous, elongate, 
hyaline sensilla trichodea (Fig. 3B); clypeus 
with 6-8 setae; proboscis short; labrum with 
two pairs of small, stout sensilla apically; 
mandible with 7-8 distal teeth (Fig. 2A), 
fulcrum absent; lacinia with fine teeth; tho- 
rax as described for male: claws as for male 
but apex of each claw simple (Fig. 2D-F). 
Wing (Figs. 1D, 4C): Length 0.88-0.93 
mm; costa extending 0.87-0.90 of wing 
length: similar to male but broader. 
Terminalia (Fig. 4H): Sternum (st 9) with 
posterior portion continuous medially and 
with either an anteriorly or posteriorly di- 
rected medial bend, depending on a more 
anterior or posterior angle of view (bend 
medially pale in some specimens); a pair of 
anteromedially directed apodemes arise 
from lateral arms of st 9; farther anteriorly 
an M shaped apodeme present, located ven- 
tral to common oviduct; 2 large, subequal, 
subspherical spermathecae, each with thick, 


592 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON 


MOVE LE tre 


Alt (LLL LEME ELLE 


= 
N 


Tau 


ill (EVE 


fused fused 
parameres 7 ventral plate EN i tergite 9 


aedeagal 
sclerite 


setose lobe 


ventral plate 


fused 
i 7 parameres 


ventral plate sternite 8 


} Ga | J 

NNA a lii i wid KO sternite 9 
setose lobe ( { iN jl } } cercus 
G File ol 


Fig. 4. Structures of Austroconops memillani. A, Dorsal view of male thorax. B, Male wing. C, Female wing. 
D, Ventral view of male terminalia. E, Ventral view of male terminalia with parameres and aedeagus removed. 
F, Lateral view of male terminalia. G, Details of parameres and aedeagus from ventral view. H, Ventral view 
of female terminalia. 
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Fig. 5. Lateral view of thorax and posterior view of head capsule of males. A, B, Leptoconops catawbae 
(Boesel). C, D, Austroconops memillani. E, F, Culicoides spinosus Root and Hoffman. 
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pigmented neck, and a very small, oval, ves- 
tigial spermatheca present. 

Distribution.—A. memillani is known 
only from Western Australia (Fig. 6). These 
are localities from Wirth and Lee (1958), 
our new collection and from a specimen col- 
lected by Don Colless at Augusta, Oct. 3, 
1970 (ANIC). The record by Wirth and Lee 
(1958) from Darban is actually from Dar- 
kan. 

Bionomics.— Wirth and Lee (1958) re- 
corded females of this species biting the eye- 
lids of man. 

When we observed live and freshly killed 
males and females, the body fluids showed 
a distinct blue-green coloration. It may in- 
dicate a larval habitat abundant with algal 
growth which was observed commonly in 
damp areas of exposed limestone at Yan- 
chep. After preservation in 70% ethyl al- 
cohol this coloration was lost within a few 
days. 

Recognition.— Male and female Austro- 
conops can be recognized using the key of 
Wirth et al. (1974) with the following mod- 
ifications. Couplet 6 “Claws of both sexes 
small, equal and simple” should be changed 
to “Claws of both sexes small, equal and 
simple or with slender basal tooth”; couplet 
6 “empodium small or rudimentary” should 
be changed to “empodium rudimentary to 
well developed”; from couplet | 1 “antenna 
without minute sensory pits ringed with fine 
setae” should be deleted. 


DISCUSSION OF CHARACTER STATES 


CLADISTIC RELATIONSHIPS OF BASAL 
LINEAGES 


In this section we discuss the characters 
that we recognize as important in deter- 
mining the relationships between the basal 
lineages of the Ceratopogonidae. To pro- 
vide a cladistic basis to the analysis, we 
compared character states within the family 
to those of all other Culicomorpha families. 
We paid closest attention to the Chiron- 
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omidae as the sister group of Ceratopogon- 
idae (Hennig, 1973; Wood and Borkent, in 
press). Within the Ceratopogonidae we ex- 
amined nearly every genus on a worldwide 
basis and, within Leptoconops, Dasyhelea, 
Forcipomyiinae, and many genera of Cer- 
atopogoninae, we examined virtually all 
Nearctic species and many outside of this 
region. 

The numbering of characters listed below 
refers to the numbers presented on the con- 
cluding cladogram (Fig. 8C). 

Some workers (e.g. Krivosheina, 1962: 
Zilahi-Sebess, 1960) have questioned the 
phylogenetic position of Leptoconops but we 
consider the evidence presented below 
(characters 1 and 2) to be sufficient evidence 
to include this genus in the Ceratopogoni- 
dae. As far as we know, there is no evidence 
that contradicts that conclusion. 

1.—Genital fork (sternite 9) of female 
genitalia well developed, with vaginal apo- 
deme extending along dorsal wall of com- 
mon oviduct (plesiomorphic); vaginal apo- 
deme very reduced or absent (apomorphic). 

Saether (1977) suggested that the absence 
of the vaginal apodeme (his notum) was a 
synapomorphy of the Ceratopogonidae and 
we agree. All Chironomidae, Simuliidae, and 
Thaumaleidae have a well developed va- 
ginal apodeme. Some Dasyhelea have an- 
terior projections from sternite 9 but we 
consider these secondarily derived and only 
superficially similar to the vaginal apodeme 
of the outgroup. 

All Culicoidea lack a vaginal apodeme, 
indicating that the loss is susceptible to ho- 
moplasy. 

2.—Larval pharyngeal apparatus present 
and acting as a sieve or absent; not acting 
as a crushing structure (plesiomorphic); 
pharyngeal apparatus a grinding and sifting 
structure (apomorphic). 

All known larvae of Ceratopogonidae 
have a characteristic, well developed pha- 
ryngeal complex consisting of two strongly 
diverging dorsal arms and a series of combs 
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serving to grind and sort food (Clastrier, 
1971; Lawson, 1951; Nielsen, 1951: Saun- 
ders, 1924). This unique modification of the 
pharyngeal filter is evidence for the mono- 
phyly of the family, including the genus 
Leptoconops. Wood and Borkent (in press) 
considered the pharyngeal filter as the an- 
cestral condition in the Culicomorpha; it is 
found in Dixidae and Culicidae of the Culi- 
coidea, and in the Thaumaleidae of the 
Chironomoidea. They regarded the cerato- 
pogonid pharyngeal apparatus as a synap- 
omorphy of the family. When the larva of 
Austroconops is found, we predict that it, 
too, will have a pharyngeal apparatus like 
other ceratopogonids. 

We know of no Culicomorpha larva with 
an apparatus similar to that of ceratopo- 
gonids. Although the larva of the chiron- 
omid -Archaeochlus has a strongly reinforced 
U shaped strut supporting the opening of 
the pharynx (pers. obs.), it has none of the 
specialized modifications of the ceratopo- 
gonid pharyngeal apparatus. The larva of 
Bittacomorpha Westwood (Ptychopteridae) 
has a pharyngeal structure which looks su- 
perficially similar to that of ceratopogonids 
(pers. obs.) but we do not consider it a ho- 
mologous character state. The larva of 
Ptychoptera Meigen has a pharyngeal filter 
of the type found in Culicidae and many 
other families of Nematocera. 

Further morphological studies are needed 
to determine homologies between nema- 
toceran families. 

3.—Setae on vertex scattered or in dor- 
solateral arrangement (plesiomorphic); in 
addition to other setae on vertex, a single 
seta located medially on frons just dorsal to 
where eyes meet (apomorphic). 

The apomorphic character state is unique 
within the Culicomorpha and probably 
within the Diptera. We presently interpret 
the apomorphic state as a synapomorphy of 
Ceratopogonidae excluding Leptoconopi- 
nae. Female Leptoconops lack the bristle. 
However, males have a dark protuberance 
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in this area and we are unsure as to whether 
it is a seta in modified form. Hence, the 
apomorphic state might in fact be a syn- 
apomorphy of all Ceratopogonidae. 

Some Forcipomyia species have so many 
setae on the vertex and frons that it is some- 
times difficult to pick out the single seta. 
However, careful study indicates that it is 
present in these species also. 

4.—Postoccipital ridge poorly sclerotized 
and tentorium directed in an anteroventral- 
posterodorsal angle (plesiomorphic); post- 
occipital ridge well developed and tento- 
rium at a horizontal plane (apomorphic) 
(Fig: SB; D. F). 

The plesiomorphic condition is found in 
all species of Leptoconops and Chironomi- 
dae. The postoccipital ridge ofall other Cer- 
atopogonidae is well developed and their 
tentorium is on a horizontal plane. 

We have presented what may in fact be 
two characters as only one. The strength- 
ening of the postoccipital ridge may be di- 
rectly related to the more ventral position 
of posterior tentorial pit. 

5.—Larva with three thoracic and nine 
(or 10) abdominal segments (plesiomor- 
phic); larva with body segments secondarily 
divided (apomorphic). 

The secondarily divided body segments 
of Leptoconops are unique within the Culi- 
comorpha. 

6.—Anapleural suture well developed. 
extending to anterior margin of anepisternal 
cleft (plesiomorphic); anapleural suture 
short, extending to posterior margin of an- 
episternal cleft (apomorphic) (Fig. 5A, C, 
EJ: 

The plesiomorphic character state is pres- 
ent in nearly all chironomids, Leptoconops 
and Austroconops. All other ceratopogonids 
exhibit the apomorphic state. 

7.—Trochanter of fore and midleg with 
only thin, simple setae (plesiomorphic); tro- 
chanter of fore and midleg each with pair 
of thick, contiguous setae (apomorphic) (Fig. 
7A, B). 
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The apomorphic state is unique within 
the Diptera. In the Leptoconops species we 
examined there was either a single or pair 
of minute setae in a shallow pit in this same 
area. These may be homologous to those 
setae in the apomorphic state. 

Two instances of further modifications 
were found within the group defined by the 
synapomorphy. Both occur in the subfamily 
Ceratopogoninae. Female Sphaeromias 
longipennis (Loew) have 3 thick setae on the 
midleg and Probezzia atriventris Wirth have 
4. Other species of Probezzia Kieffer ex- 
amined (6 Nearctic species) have only two. 

8.—Posterior margin of scutellum round- 
ed in dorsal view (plesiomorphic); posterior 
margin forming nearly a 90° angle (apo- 
morphic) (Fig. 4A). 

The apomorphic state is unique within 
Ceratopogonidae and Chironomidae. Rep- 
resentatives of Thaumaleidae and at least 
some Simuliidae have an angular scutellum 
but this is interpreted here as homoplasy. 
All examined Culicoidea have a rounded 
scutellum. 

9.—Larval thoracic and abdominal setae 
arising from more or less flat areas of cuticle 
(plesiomorphic); setae arising from cuticu- 
lar projections (apomorphic). 

The apomorphic condition is unique 
within the Culicomorpha. 

10.— Male flagellomeres lacking longitu- 
dinal striations (plesiomorphic); flagello- 
meres with longitudinal striations (apo- 
morphic). 

The apomorphic condition is unique 
within at least the Culicomorpha. 

11.—Male and female scape lacking ven- 
tral apodeme (plesiomorphic), scape with 
ventral apodeme (apomorphic). 

The apomorphic condition is unique 
within the Diptera. The ventral apodeme 
abuts laterally against a dorsal apodeme 
arising from the tentorium near the anterior 
tentorial pit. The apodeme appears to act 
as a “stop” to prevent rotation, at least in 
one direction, of the scape. 

12.—Sternite 9 of female terminalia 


forming a continuous band ventrally (ple- 
siomorphic); sternite 9 discontinuous me- 
dially, forming two halves (apomorphic) 
(Fig. 8B). 

The apomorphic condition is unique 
within the Diptera. Chironomidae, Simu- 
liidae, and Thaumaleidae all have a well 
developed, sclerotized, continuous sternite 
9. In the Culicoidea only a weak sternite 9 
is present (Harbach and Knight, 1980, as 
upper vaginal lip). All members of the Cer- 
atopogoninae have a discontinuous sternite 
9. 

The above proposed synapomorphies 
form a nested set as illustrated in the clado- 
gram presented in Fig. 8C. Leptoconopinae 
is recognized as the sister group of all other 
Ceratopogonidae. Austroconops is the sister 
group of the Forcipomyiinae plus Dasyhe- 
leinae plus Ceratopogoninae. 


ALTERNATE HYPOTHESIS 


In this section we discuss those character 
states which may suggest a sister group re- 
lationship between Austroconops and Lep- 
toconops. Although we currently consider 
these characters to be homoplastic, future 
work may support the interpretation of these 
as true synapomorphies. 

Shape of basal foramen of pedicel.—In 
both Leptoconops and Austroconops the 
pedicel has a very large basal foramen (Figs. 
1B, 8A). In Dasyhelea and Forcipomyiinae 
it is somewhat smaller and in Ceratopogon- 
inae there is only a small foramen. Out- 
group comparisons show that all Chirono- 
moidea and most Culicoidea have a small 
foramen (Chaoborus Lichtenstein has a wide 
foramen), suggesting that the very wide fo- 
ramen in Leptoconops and Austroconops 
could be a synapomorphy. However the 
presence of an intermediate condition in 
Dasyheleinae and Forcipomyiinae suggests 
that the wide foramen may be plesiomor- 
phic within the Ceratopogonidae. 

If taken as a valid indicator of relation- 
ship, Leptoconops and Austroconops would 
be regarded as sister groups and these two 
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Fig. 6. 


Distribution of Austroconops mecmillani. 


genera, together with Dasyheleinae and For- 
cipomytinae would be recognized as a 
monophyletic unit. Characters 3, 4, 6 and 
7 would be hypothesized as having evolved 
at least twice. We consider that unlikely. 
Subbasal constriction of male flagello- 
mere 13.— Both Leptoconops and Austro- 
conops exhibit this feature. All other Cer- 
atopogonidae have a more or less cylindrical 
or somewhat swollen 13th flagellomere. Out- 
group comparisons show that the feature is 
unique within the Chironomoidea but that 
within the Culicoidea, a similar condition 
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appears in the Chaoboridae and some Cu- 
licidae. Although the character state is sus- 
ceptible to homoplasy, these data suggest 
that a subbasal constriction is a synapo- 
morphy of Leptoconops and Austroconops. 
If this character state 1s a good synapomor- 
phy, characters 3 and 4 would have evolved 
at least twice. 

Number of palpal segments.— Both Lep- 
toconops and Austroconops have only four 
palpal segments with only one apparent seg- 
ment distal to segment 3 which bears the 
sensilla. All other families in the Culico- 
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morpha have five palpal segments with only 
a few representatives of Chironomidae and 
Culicidae having a reduced number. Nearly 
all other ceratopogonids have five segments. 
Instances of a lower number in some cera- 
topogonids are almost certainly not ho- 
mologous to that of either Austroconops or 
Leptoconops (Paradasyhelea Macfie, a few 
species of Culicoides, Baeohelea Wirth and 
Blanton, Nannohelea Grogan and Wirth, 
Caniptopterohelea Wirth and Hubert, Fitt- 
kauhelea Wirth and Blanton, Diaphanob- 
ezzia Ingram and Macfie, Parastilobezzia 
Wirth and Blanton, Leptohelea Wirth and 
Blanton, Baeodasymyia Clastrier and Rac- 
curt, Parabezzia Malloch, Nilobezzia Kief- 
fer). 

Although nearly all the ceratopogonid 
genera noted above have a reduced number 
of palpal segments, the palpi of almost all 
look quite different from Austroconops and 
Leptoconops. Only in Parabezzia and Fitt- 
kauhelea, which are probably closely related 
to each other, are there four palpal segments 
with only one segment distal to the sensilla 
bearing segment (segment 3). This indicates 
that the character state is susceptible to ho- 
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Trochanter of Mallochohelea atripes Wirth. A, Foreleg. B, Midleg. 


moplasy. However, because Parabezzia and 
Fittkauhelea are almost certainly quite dis- 
tantly related to Austroconops and Lepto- 
conops, the state in Leptoconops and Aus- 
troconops may yet be a synapomorphy. 


OTHER CHARACTER STATES 


In this section we discuss character states 
which either conflict with our interpretation 
of the character states given above, char- 
acter states that are not of use phylogenet- 
ically but which have misled some workers, 
and those that may be useful in the future 
but which cannot now be interpreted be- 
cause of unsure homologies. In particular 
we discuss each character discussed by pre- 
vious authors who have dealt with Austro- 
conops or the relationships between the ma- 
jor lineages of Ceratopogonidae. 

Wirth and Lee (1958), when they first de- 
scribed 4ustroconops, noted that some char- 
acter states indicated relationship with Cu- 
licoides while others suggested connections 
with Leptoconops. Characters shared with 
Culicoides or other members of the Cera- 
topogoninae were: similarities in wing ve- 
nation, absence of wing macrotrichia, pres- 
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Fig. 8. A, Oblique lateral view of pedicels of four male ceratopogonids. B, Sternite 9 of various female 
ceratopogonids (diagrammatic). C, Phylogeny of the basal lineages of Ceratopogonidae; numbers refer to apo- 
morphic character states in the text. 
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ence of humeral pits, no antennal sculpturing 
and small, equal claws without empodium. 
Character states shared with Leptoconops 
were: shape of maxillary palpus, absence of 
macrotrichia, presence of humeral pits, two 
large and one minute spermathecae, and 
vestigial empodium. Some of these char- 
acters are discussed in the preceding sec- 
tions. 

Boorman and Lane (1979) also discussed 
the phylogenetic placement of Austroco- 
nops. They suggested that the similarities 
between Culicoidini and Austroconops were 
convergent and that Ausfroconops was a 
member of the Ceratopogonini. The char- 
acter states they discussed were not inter- 
preted cladistically and did not include the 
possibility noted by Wirth and Lee (1958) 
of a relationship with Leptoconops. 

Some of the character states discussed by 
Boorman and Lane (1979) are analyzed 
above. Others are in the following section. 

Our results also bear on the conclusions 
of Remm’s (1975) cladistic study of the var- 
ious genera of Ceratopogonidae. Remm did 
not discuss outgroup character states and 
therefore may have misinterpreted the po- 
larity of several of these. He concluded that 
his Forcipomyiinae (including Forcipo- 
myia, Atrichopogon and Dasyhelea) was the 
sister group of his Ceratopogoninae (includ- 
ing Stilobezziini, Ceratopogononini and 
Culicoides) on the basis of four synapo- 
morphies that are included in the following 
discussion of characters. These two subfam- 
ilies were considered the sister group of his 
Palpomyiinae. 

Sensilla on | st flagellomere.— One or more 
sensilla coeloconica are present on the first 
flagellomere of females of Leptoconops, 
Culicoidini and many Ceratopogonini. In 
Leptoconops they are of the sensilla am- 
pullacea type. In Austroconops they are rep- 
resented by two depressed areas with clumps 
of long, slender sensilla trichodea. Sensilla 
coeloconica are also present in the same po- 
sition in the chironomid Archaeochlus bi- 
cirratus Brundin, which belongs to the only 
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known genus in that family with biting 
mouthparts (other species in the genus were 
not examined for antennal sensilla), This 
character state distribution indicates that the 
presence of sensilla coeloconica is plesio- 
morphic within the Ceratopogonidae and 
that they have probably been lost several 
times within the family. 

The sensilla of Leptoconops have been 
previously overlooked or described only as 
erect pores or campaniform sensilla (e.g. 
Clastrier and Wirth, 1978). In fact, these 
pores lead to interior pockets which have 
well developed sensilla coeloconica called 
ampullacea. The sunken position of these 
sensilla may be a synapomorphy of Lepto- 
conops but we are not sure that they occur 
in all species. 

Number of flagellomeres of female.— 
Leptoconops females are unique within Cer- 
atopogonidae in possessing 11-12 flagello- 
meres. All other ceratopogonids have 13, 
with rare exceptions (e.g. some species of 
Brachypogon Kieffer). Outgroup compari- 
sons make the character states difficult to 
interpret. Chironomidae have 5-14, Sim- 
uliidae have 7-9, Thaumaleidae have 10, 
Dixidae have 14, and Chaoboridae and Cu- 
licidae all have 13. 

Antennal sculpturing. — See discussion 
under character 9 above. 

Mandible shape.—Contrary to the sug- 
gestion by Boorman and Lane (1979) that 
the “pointed and roughly serrated” man- 
dibles of Austroconops are typical of the 
“higher Ceratopogonidae,” we see no shared 
derived character states of the mandible of 
Austroconops with those of Leptoconops, 
Culicoides, those members of Ceratopogon- 
inae with biting mouthparts (some are re- 
duced), or other biting members of the Culi- 
comorpha. 

Previous reports show that al! ceratopo- 
gonids with biting mouthparts possess a ful- 
crum about halfway down the length of the 
mandible (Gad, 1951). The fulcrum is also 
present in Leptoconops (pers. obs.). This 
mechanism allows the mandibles to artic- 
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ulate against one another and produce the 
outwardly directed cutting motion to allow 
feeding. Austroconops memillani is unique 
amongst the biting members of the Cera- 
topogonidae in lacking the mandibular ful- 
crum. This is probably an autapomorphy, 
as the fulcrum is also present in Simuliidae 
(Wenk, 1962). However, examination of 
Archaeochlus bicirratus (Chironomidae) 
failed to provide evidence of a fulcrum in 
that species. 

Sensilla of third palpal segment. — Austro- 
conops mcmillani has sensilla scattered 
amongst ridges bearing spicules (Fig. 2B, C). 
This condition is similar to that in some 
species of Leptoconops (e.g. subgenera Lep- 
toconops s. str., Proleptoconops Clastrier). In 
other species of Leptoconops (e.g. subgenus 
Holoconops Kieffer), all Forcipomyiinae, 
and some Ceratopogoninae, the sensilla are 
grouped in a pit which is surrounded by 
short spicules. Other Ceratopogoninae and 
all Dasyheleinae have palpal sensilla in a 
group but not sunk into a pit, and individual 
sensillae are not separated by spiculose 
ridges. 

If the shared similarities between Austro- 
conops and some species of Leptoconops are 
homologous then the similarities between 
other Leptoconops and Forcipomyiinae plus 
some Ceratopogoninae would be conver- 
gent. It is equally likely that the similarity 
between Austroconops and some Leptoco- 
nops is convergent. 

Vestigial empodium.—Austroconops 
memillani do, in contrast to the report of 
Wirth and Lee (1958), have empodia, al- 
though these are not as well developed as 
in most Forcipomyiinae. Outgroup com- 
parisons show that Chironomidae have well 
developed empodia, while in Simuliidae and 
Thaumaleidae they are present but some- 
what reduced. The relative development of 
the empodium is probably susceptible to 
homoplasy and a poor indicator of rela- 
tionship. 

Claw size.—Small equal claws are almost 
certainly a plesiomorphic feature, shared by 
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Leptoconops, Austroconops, Forcipomyi- 
inae, Dasyheleinae, Culicoidini, many Cer- 
atopogonini and many members of the Cu- 
licomorpha, including all Chironomidae. 

Wing macrotrichia.— The presence or ab- 
sence of macrotrichia appears highly sus- 
ceptible to homoplasy. The absence of mac- 
rotrichia is characteristic of Leptoconops, 
Austroconops, and many Ceratopogoninae. 
Many Chironomidae, all Simuliidae, most 
Thaumaleidae and all Dixidae lack macro- 
trichia suggesting that the absence of macro- 
trichia within Ceratopogonidae is a plesio- 
morphic condition. 

Remm (1975) suggested that the presence 
of macrotrichia was a synapomorphy of his 
Forcipomyiinae and his Ceratopogoninae. 
Macrotrichia are not present in many of the 
taxa included in Remm’s Ceratopogoninae 
(e.g. Serrontyia Meigen) making the char- 
acter state suspect as a synapomorphy of 
these two subfamilies. 

Wing venation. — The similarity between 
the wing venation of Austroconops and some 
““predaceous ceratopogonids” (Boorman and 
Lane, 1979) may be superficial. The direc- 
tion of Rs and R, ,, of Austroconops is more 
angular and the tip of cell r,,; is narrower. 
In addition, the relatively long costa, com- 
pared to Leptoconops, Forcipomyiinae and 
Dasyheleinae, may be plesiomorphic. Chi- 
ronomidae, Thaumaleidae and Simuliidae 
all have relatively long costas (but see be- 
low). 

Short costa.—On the basis of outgroup 
comparisons (see above under “Wing ve- 
nation”), the short costa of Remm’s For- 
cipomyiinae and Ceratopogoninae may be 
considered derived. However, it should be 
noted that, first of all, cells r,,; and r,,; are 
more slit-like in Forcipomyia, Atrichopogon 
and Dasyhelea than they are in Remm’s 
Ceratopogoninae. The shape of these cells 
probably is correlated with the reduction of 
the length of the costa and the differences 
in their shape may suggest that they are not 
homologous. Secondly, several lineages of 
Chironomidae have a short costa (e.g. Clu- 
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nio Haliday, Corynoneura Winnertz) indi- 
cating, also, the possibility of homoplasy. 
Finally, if the shortened costa is taken as a 
derived character, it would also include 
Leptoconops and such a grouping would 
contradict a number of other synapomor- 
phies (Fig. 8C). It seems likely that the 
shortened costa is in fact a pleisiomorphic 
condition within the Ceratopogonidae and 
the longer costa of Austroconops and some 
Ceratopogoninae are reversals to the plesio- 
morphic state found in groups outside the 
Ceratopogonidae. 

Medial vein branching distal to cross vein 
(r-m).—Remm (1975) uses this character as 
a synapomorphy of his Forcipomyiinae and 
Ceratopogoninae. However, a media 
branching distal to r-m cross vein is char- 
acteristic of many Nematocera, including 
all Culicoidea and Simuliidae. A media 
branching proximal to r-m is present in 
Thaumaleidae. Chironomidae lack M2, so 
that the character cannot be categorized in 
that family. This character state distribu- 
tion makes the interpretation of the polarity 
difficult within Ceratopogonidae. 

Pronotum fused with mesonotum.—We 
are unsure what, exactly, Remm (1975) was 
referring to when he discussed this charac- 
ter. We assume that he meant the relative 
development, medially, of the pronotum. If 
so, this character is not present in all the 
taxa Remm (1975) mentioned. A well de- 
veloped pronotum is present in Stilobez- 
ziini, It is reduced medially in Leptoconops, 
Austroconops, Forcipomyiinae, Dasyhe- 
leinae, Culicoidini and Ceratopogonini. It 
is also reduced in Thaumaleidae, Simulii- 
dae and some Chironomidae, but is well 
developed in some other Chironomidae. 
This suggests that the character is suscep- 
tible to homoplasy. Our phylogenetic con- 
clusions imply that the well developed 
pronotum is secondarily derived in Stilo- 
bezziini, Sphaeromiini, Heteromyiini, 
Stenoxenini and Palpomyiini. 

Humeral pits.—These depressions on the 
anterolateral portion of the scutum are pres- 
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ent in Leptoconops, Austroconops, Culicoi- 
des, Paradasyhelea and Neoculicoides Boor- 
man. The pits are also present but are less 
well developed in some other ceratopogo- 
nids. In some members of the Ceratopo- 
goninae the humeral pits are indicated only 
by a bare patch in the midst of an otherwise 
pollinose scutum. 

This character is pooriy known and re- 
quires an intensive morphological study and 
survey of the distribution of the character 
State. 

Male terminalia.—Austroconops memil- 
lani have unusual terminalia when com- 
pared to other ceratopogonids. However, 
some parts are similar to those of other Culi- 
comorpha and especially to those of Sim- 
uliidae. 

Wood and Borkent (1982), in comparing 
the male terminalia of various lineages 
within the Culicomorpha, concluded that 
the structures ventral to the parameres in- 
cluded two basic components: 1) the aedea- 
gus, some with an aedeagal sclerite sup- 
porting the gonopore (called median sclerite 
in Simuliidae, aedeagus in Culicidae, ae- 
deagal guide in Dixidae) and, 2) the ventral 
plate with a posterior, single median or pair 
of setose lobes (called aedeagus in Cerato- 
pogonidae, ventral appendages in Thau- 
maleidae, dorsomedial lobes in Chironomi- 
dae, claspettes in Culicidae and prosophallus 
in Dixidae). 

In many species of Culicomorpha, one or 
more of these parts may be absent or mark- 
edly modified, drawing into question the 
validity of whether these character states are 
actually the plesiomorphic condition within 
the Culicomorpha. Nevertheless, many of 
the early lineages within Culicomorpha 
families do share these characteristics. 

We recognize these components in the 
male terminalia of Austroconops mcmillani 
and have labelled them as such in Fig. 4D, 
E, F, and G. In particular, the presence of 
an aedeagal sclerite which arises dorsally 
from the ventral plate, and which lies ven- 
tral 10 the opening of the gonopore is strik- 
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ingly similar to the condition found in the 
Simuliidae. 

Although we recognize a distinct ventral 
plate and aedeagal sclerite in A. memillani, 
we are unsure of what exact homologies ex- 
ist between this species and other cerato- 
pogonids. The aedeagal sclerite recognized 
in A. mentllani may be homologous only 
to the apex of the “aedeagus” recognized in 
other ceratopogonids, while the ventral plate 
is homologous to the lateral arms of the 
“aedeagus.” Alternatively, Wood and Bor- 
kent (1982) considered the ventral plate of 
Simuliidae (and hence that of A. memillani) 
to be homologous to the entire “aeadeagus” 
of Ceratopogonidae suggesting that the ae- 
deagal sclerite present in A. memillani may 
have been lost in other ceratopogonids. This 
implies that the ventral plate of A. mcemil- 
lani is homologous to the entire “aedeagus” 
of other ceratopogonids. 

One clue that suggests the aedeagal scle- 
rite of A. mecntillani may be homologous to 
the apex of the “aedeagus” of other cera- 
topogonids is the presence of the ventrally 
directed point located subapically on the ae- 
deagal sclerite (Fig. 4F). Many other male 
ceratopogonids have the tip of their aede- 
agus directed ventrally (e.g. at least some 
species in the following genera: Atrichopo- 
gon, Culicoides, Isohelea Keiffer, Alluau- 
domyia Kieffer, Serromyia, Clinohelea Kief- 
fer, Johannsenomyia Malloch, Sphaeromias 
Kieffer, Palpomyia Meigen). However, the 
aedeagal tip of many other ceratopogonids 
is directed posteriorly. In addition, we are 
uncertain if the condition is homologous in 
Austroconops and other Ceratopogonidae. 

All species of Leptoconopinae in which 
the male terminalia have been adequately 
described, appear to lack all but the traces 
of any of these structures and possess either 
a simple rod shaped structure or only mem- 
branous cuticle ventral to the gonopore and 
between the gonocoxites. This is probably 
an autapomorphic loss of much of the ven- 
tral plate and aedeagal sclerite and provides 
no indication of the phylogenetic position 
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of Leptoconops. The ventral plate and ae- 
deagal sclerite is also lost or reduced in some 
Dixidae, all Chaoboridae, and in most Chi- 
ronomidae. We regard loss in each of these 
four families as independent. 

Regardless of whether the aedeagal scle- 
rite in Austroconops is homologous to the 
entire “aeadeagus” of other ceratopogonids 
(except Leptoconops). or only to the apex of 
this structure, its complexity in Austroco- 
nops is consistent with our placement of it 
as the sister group of all other Ceratopo- 
gonidae other than Leptoconops. These oth- 
er Ceratopogonidae would share the syn- 
apomorphy of the loss of the aedeagal sclerite 
or the loss of a strong distinction between 
a ventral plate and the aedeagal sclerite. 

A. memillani has a single median setose 
lobe arising from the ventral plate. A single 
lobe is also present in Simuliidae, and some 
Thaumaleidae. A pair of lobes is present in 
Chironomidae, Dixidae and Culicidae. It is 
uncertain whether the single and paired 
conditions represent a homologous char- 
acter. Even if they were, it would be difficult, 
at present, to interpret whether the single 
lobe of Austroconops was plesiomorphic or 
derived. 

Some Leptoconops species appear to have 
a granulose area associated with the gono- 
pore (called macule and accessory macules 
by Clastrier and Wirth, 1978) and this may 
be homologous to the setose lobe of Aus- 
troconops. Several other species of Cerato- 
pogonidae (e.g. Culicoides variipennis, C. 
sonorensis) also have setose areas ventral to 
the “aedeagus.” However, considering the 
placement of such species in the phylogeny 
of the Ceratopogonidae, it is doubtful 
whether the setose areas are homologous to 
the setose lobe possessed by A. memillani. 

Shape of female abdominal sternite 9.— 
There may be more phylogenetic informa- 
tion in the shape of sternite 9 of Cerato- 
pogonidae than noted above in character 
12. Fig. 8B shows diagramatically, the var- 
ious configurations in shape of sternite 9 in 
representatives of the major lineages of Cer- 
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atopogonidae. In Leptoconops sternite 9 is 
a simple narrow band; in Austroconops ster- 
nite 9 forms a medial bend and has antero- 
medially projecting lateral apodemes:; in 
Dasyheleinae (Dasyhelea Kieffer) sternite 9 
often bears an anteromedial projection or 
forms a complete, anteromedial circular 
loop; in Forcipomyiinae (Forcipomyia Mei- 
gen and Atrichopogon Kieffer) sternite 9 
forms a medial circular loop but with a pos- 
teromedial break; in Ceratopogoninae ster- 
nite 9 is a thick band with a medial sepa- 
ration. 

In some species of Dasyheleinae and For- 
cipomyiinae the anterior portion of the loop 
is expanded anteriorly. 

The similar, looplike condition of sternite 
9 in Dasyheleinae and Forcipomyiinae may 
be a synapomorphy of those two taxa. We 
are uncertain which parts of the sternite 9 
of Austroconops may be homologous to this 
loop; whether the lateral arms have joined 
medially to form an anterior closure or 
whether the lateral arms have been lost and 
the posterior bend has fused posteriorly to 
form the loop of Dasyheleinae and Forci- 
pomyiinae. 

The medial gap in sternite 9 of Cerato- 
pogoninae and in the posterior portion of 
the circular loop of sternite 9 of Forcipo- 
myiinae may be homologous and as a unique 
condition may be a synapomorphy of the 
two groups. However it is also possible that 
the complete anterior margin of the loop of 
Forcipomyiinae is homologous to sternite 9 
of Ceratopogoninae, in which case there is 
no similarity. Hopefully, future morpho- 
logical studies may be able to resolve the 
true homologies. 

Spermathecal number.—Two large and 
one small spermathecae are found in a num- 
ber in lineages of Ceratopogonidae, including 
Leptoconops, Culicoidini, Ceratopogonini, 
Stilobezziini, Sphaeromiini, Heteromyiini., 
and Palpomyiini. This alone makes the 
presence of two large and one small sper- 
mathecae in Austroconops difficult to inter- 
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pret. In addition, other families of Cu- 
licomorpha have from one to three 
spermathecae, making outgroup compari- 
sons difficult to apply. Chironomidae have 
2-3, Simuliidae have | (but 3 ducts present), 
Dixidae have 1, Chaoboridae have | (Co- 
rethrella Coquillett) or 3, and Culicidae have 
1-3. 


CONCLUSION 


Our analysis of character states supports 
the hypothesis that Austroconops is the sis- 
ter group of Forcipomyiinae plus Dasyhe- 
leinae plus Ceratopogoninae. The sister 
group of this entire assemblage is Lepto- 
conopinae (Fig. 8C). Alternatively, three 
character states, the shape of the antennal 
pedicel, the shape of the 13th flagellomere, 
and the four-segmented maxillary palpus, 
all of which exhibit some homoplasy, sug- 
gest that Austroconops could be the sister 
group of Leptoconops. The question can be 
tested by the discovery of further character 
states of the adults and particularly those of 
the presently unknown larva and pupa of 
Austroconops memillani. 

It seems clear that the hypothesis that 
Austroconops is closely related to Culicoides 
(Wirth and Lee, 1958) or any other member 
of the Ceratopogoninae (Boorman and Lane, 
1979) is not supported by our investigation. 

Our results bring into question the 
subfamilial status of Austroconops. Our 
conclusion concerning the placement of 
Austroconops (Fig. 8C) indicates that the ge- 
nus should be given its own new subfamily, 
named Austroconopinae. However, if fur- 
ther investigations support the hypothesis 
that the genus is the sister group of Lepto- 
conops, Austroconops might be considered 
as a member of Leptoconopinae. 

Our conclusions can be used to address 
the question of the plesiotypic feeding hab- 
its of the Ceratopogonidae. The presence of 
biting mouthparts in many lineages of Culi- 
comorpha includes many Ceratopogonidae 
(including the basal lineages), some Chiro- 
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nomidae, Simuliidae, Chaoboridae (Core- 
thrella), and Culicidae. This strongly sug- 
gests that this condition is plesiomorphic to 
the Ceratopogonidae (Downes, 1958). 

The presence of vertebrate blood feeding 
in Leptoconops, Austroconops, some For- 
cipomyiinae and some Ceratopogoninae 
(Culicoides), strongly suggests that this con- 
dition is plesiotypic to the family. Conse- 
quently, the many ceratopogonids which 
feed on other insects (also the loss of any 
biting habit at all) must be considered as 
exhibiting the derived condition within the 
Ceratopogonidae. 
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